Breast cancer is one of the most common malignancies of women in the reproductive years. In the Western world there is a trend towards delaying pregnancy to later in life and in combination with an increased incidence of breast cancer an increased number of women are diagnosed with breast cancer before they have completed their reproductive plans. In addition, breast cancer during pregnancy may affect an increased number of women as the childbearing years are delayed. The survival rate after breast cancer has improved during the last decades and many young breast cancer survivors will consider a pregnancy subsequent to the completion of adjuvant breast cancer therapy. Traditionally, many women are advised against a pregnancy due to a fear of increased risk of recurrence, especially women with estrogen receptor positive breast cancer. Due to feasibility issues, evidence from large prospective randomized trials are missing regarding the safety of pregnancy after breast cancer. Today guidelines are based on cohort studies and population-based registry evidence with its limitations. Overall, data suggest that pregnancy after breast cancer therapy is safe and the current evidence is summarized in this overview.
Introduction
Breast cancer is the most common cancer among women in the Western world and the incidence is still increasing in many Western countries (1, 2) . Although the median age of this disease is over 60 years approximately 20% of all cases affect women under the age of 49 years and 5% of affected women are diagnosed under the age of 40 (1, 2) . Today, the majority of women with early stage breast cancer will survive their disease due to improved treatment options. In combination with the trend of delaying the childbearing years a growing number of patients need counseling regarding pregnancy after completion of adjuvant therapy or regarding fertility preservation before the start of therapy. As the childbearing years are delayed an increased the risk of breast cancer during pregnancy may be foreseen and will demand an increased knowledge of the management of these patients.
In younger women the risk of affecting fertility by chemotherapy may in fact influence their treatment choices with the risk of a suboptimal breast cancer treatment (3) . Counseling regarding these issue are therefore needed before start of adjuvant therapy but less than half eligible women has been found to receive such counseling (4) . In addition, the advancements of fertility treatments have further improved the possibility of pregnancy in these women. Here, the recent literature regarding fertility issues, pregnancies in relation to breast cancer treatment, and outcome are summarized and discussed.
Cited papers were found by a literature search using PubMed for articles published until August 2015. Additionally, relevant professional society guidelines were searched. The following key words were used: breast cancer, pregnancy, fertility, ovarian metastasis, childbirth, amenorrhea, chemotherapy, menopause, fertility preservation, pregnancy associated breast cancer, and statistics. Only relevant, English-language articles were included.
Breast cancer during pregnancy
A breast cancer diagnosis during pregnancy has up to date been regarded as unfavorable.
Pregnancy associated breast cancer (PABCa) is defined as breast cancer diagnosed during pregnancy or within 1 year of delivery and occurs approximately in 1 of 3,000 pregnancies. A general belief has been that PABCa is associated with worse outcome and poor survival. This is supported by a recent large meta-analysis of 30 studies, which showed an increased risk of death in PABCa compared with women with non-PABCa (5). After adjustment for age and stage the difference became less pronounced, especially regarding age (5) . Diagnosis of breast cancer in the postpartum period was associated with significantly poorer outcome (pooled hazard ratio (pHR) 1.85; 95% CI: 1.28-2.65) compared with diagnosis during pregnancy (pHR 1.29; 95% CI: 0.74-2.24) (5) . However, the data from the literature is inconsistent and several cohort studies have shown that after adjustment to prognostic factors, pregnancy per se does not affect the disease-free or overall survival (6) (7) (8) . Similar overall survival of PABCa was found in a multicenter registry study where 311 women diagnosed with breast cancer during pregnancy were identified and compared with 865 non-pregnant women (6) . After adjustments for age, stage, grade, hormone receptor status, HER-2 status, histology, type of chemotherapy, use of trastuzumab, radiotherapy, and hormone therapy no significant difference between the groups was detected (6) . In another study of 75 women receiving chemotherapy during PABCa, matched for age and cancer stage with two nonpregnant patients, a better five-year overall survival (OS) was detected; 77% (95% CI: 63.9%-86.4%) for pregnant patients and 71% (95% CI: 61.1%-78.3%) for controls (7) . However, a study of 65 patients where PABCa patients were stage-matched with two non-pregnant controls concluded a poorer disease free survival (DFS) of PABCa (HR 2.3; 95% CI: 1.3-4.2) compared to the non-pregnant controls (9) . As there are no data from randomized controlled studies, for obvious reasons, the level of evidence is, however, low. A delay in the diagnosis and the risk of less effective treatment or a delay of treatment during pregnancy may explain the reports of worse prognosis of PABCa. This is supported by the study where there was no difference in survival between women with PABCa receiving chemotherapy matched for age and stage with non-PABCa (7). This emphasizes the importance of giving appropriate systemic treatment to women with PABCa.
Pregnancy after breast cancer treatment
Before any consultation regarding fertility preservation before the start of adjuvant breast cancer treatment a discussion regarding the safety of a pregnancy after completed therapy needs to be addressed. Due to the nature of the subject no randomized controlled studies have been performed, hence the data to refer to are retrospective registry studies and meta-analyses. One major issue to take into consideration in these studies is the "healthy mom" effect (10). Despite matching for age and stage in the registries the women that became pregnant after breast cancer treatment may represent a group of women free of relapse and/or in general healthier compared to the non-pregnant women. Another issue is whether there is a difference in recurrence rate depending on hormone dependent breast cancer compared to other types of the disease. A recent multicenter retrospective study comprising of 333 pregnancies after breast cancer and 874 matched non-pregnant controls was powered to detect possible differences regarding to tumor type (11) . In addition to estrogen receptor (ER) status the patients were matched for nodal status, adjuvant therapy, age, and year of diagnosis (11) . HER-2 status was unknown in approximately 80% of all cases. In both the ER positive group and in the ER negative group no difference of disease free survival was detected after pregnancy compared to controls (11) . In addition, in the ER negative group a significant increase in overall survival was detected whereas in the ER positive group no difference in survival between index cases and controls was revealed (11) . Regarding the timing of pregnancy after breast cancer diagnosis a surprisingly increase in the disease free survival was detected in patients who became pregnant within two years of diagnosis whereas no difference was found in the group that became pregnant more than two years after breast cancer diagnosis (11) . The authors do, however, believe that this was a result of a selection bias rather than a true protective effect of an early pregnancy (11) . A large retrospective population based registry study support the finding of the safety of pregnancy after breast cancer diagnosis. Over 10,000 Danish women with breast cancer under the age of 45 years were followed for over 95,000 person years (12) . Of these women, 371 experienced a pregnancy after breast cancer treatment (12) . No information on tumor biology was included in but age, stage, nodal status, and pregnancy history were included in the multivariate analysis (12) . A significant reduced risk of dying was detected in the group of women who experienced a full-term pregnancy compared to the group of women that did not (RR 0.73 95% CI: 0.54-0.99) (12) . In addition, no negative effect on prognosis was detected after spontaneous or induced abortion (12) . In another population based cancer registry in three different states in the US, 438 women having birth after breast cancer diagnosis were identified (8) . 2775 women were matched for age, ethnicity, year of diagnosis, stage, and previous nonbreast primary tumors (8) . Women giving birth 10 or more months after diagnosis were found to have a significant decrease risk of dying compared to those who did not (RR 0.54 95% CI: 0.41-0.71) (8) . In the group of very young women, under the age of 35 years, the data is limited.
One study has followed such young cohort with breast cancer diagnosis for 13 years and 47 women with at least one pregnancy including full-term pregnancies and abortions, after breast cancer therapy were identified (13). Pregnancy was not associated with an increased risk of recurrence or poorer survival but the women with a history of pregnancy tended to have earlier stage disease and more ER negative tumors (13) . Several meta-analyses have also reached to the same conclusion that pregnancy subsequent to breast cancer therapy does not impact the recurrence rate or overall survival (14) (15) (16) . In an attempt to overcome a possible bias of a healthy mother effect a meta-analyses of nine studies comprising 1089 pregnancies and 13051 matched controls that had taken this in consideration found that a pregnancy occurring at least 10 months after diagnosis may result in a survival benefit (HR 0.51 95% CI: 0.42-0.62) (15) .
Similar results was found in women undergoing surgery for breast cancer compared to a control group (16) . A survival benefit was found in women becoming pregnant compared to those who did not (16) . A registry study of BRCA 1/2 mutation carriers has found similar results in this group of women; no adverse effect on survival after pregnancy (17) .
The data on risk of breast cancer recurrence after breastfeeding is very limited. Very small studies suggest that lactating women do not exhibit increased risk of relapse but the data contain to small numbers of patients for statistical calculations (11, 18) .
Effects on fertility by breast cancer treatments
As the data on pregnancy after breast cancer diagnosis and therapy suggest that this can be safe the question regarding fertility preservation before start of treatment needs to be considered in premenopausal women with early stage breast cancer. This counseling needs to be individual and a risk assessment regarding the patient's risk of recurrence needs to be considered, preferably in a multi disciplinary setting. During the last decade an increased number of women are eligible for adjuvant chemotherapy and in combination with an older age for childbearing an increased number of patients will have these concerns. The risk of chemotherapy induced premature ovarian failure is dependent on the age of the woman and the type of chemotherapy.
In women under the age of 40 years the risk of ovarian failure is reported to be between 22-61% whereas in women above the age of 40 years the risk is increased to 61-97% (19, 20) . Different chemotherapy regiments affect the risk of ovarian failure at different rates; CMF for six cycles may induce amenorrhea in 20-75% of the cases (21), FEC for six cycles 50-64% (22) , AC for four cycles 34% (21), FAC for six cycles 51% (23) and TAC for six cycles in 61% of the women (23) . An age nearer the natural age of menopause will increase the risk of ovarian failure by chemotherapy (24). In women that continue to menstruated during chemotherapy or in the cases where menstruation returns after completion of chemotherapy the natural menopause will appear at a younger age compared to women with no previous chemotherapy (25, 26) . Even if menses resume after chemotherapy the ovarian reserve may be diminished and fertility impaired (27) . As there a no certain measurements of residual ovarian function at the time of start of adjuvant chemotherapy all premenopausal women eligible for a pregnancy after completion of breast cancer therapy need to be counseled in these issues (28) . In addition, the success rate of fertility preserving approaches exhibit better outcome if started before chemotherapy compared to after completed therapy (29) . In women becoming pregnant after breast cancer no difference was found in cancer outcome in the group of 25 women subjected to assisted reproductive technology (ART) after breast cancer treatment compared to 180 women that became pregnant spontaneously suggesting that ART may be safe after breast cancer therapy (30) .
Fertility preservation in breast cancer patients

Ovarian suppression with gonadotropin-releasing hormone (GnRH) analogues
Several randomized trials have been conducted investigating a possible role of temporary ovarian suppression using GnRH analogues for preservation of ovarian function during chemotherapy with disparate results. However, a recent systematic review and meta-analyses of randomized trials found that GnRH analogues significantly reduce the risk of chemotherapy induced ovarian failure in young cancer patients (31) . In addition, a recently published randomized trial of chemotherapy to premenopausal women with ER-negative breast cancer plus minus the addition of the GnRH agonist goserelin showed a significant decreased risk of ovarian failure (OR 0.3; 95% CI: 0.09-0.97), reduced risk of early menopause, and increased number of pregnancies in the goserelin group (32) . These results were in line with previous results using another GnRH agonist, triptorelin (33) . In women with ER-positive breast cancer there are no safety data of giving ovarian suppression concurrent with chemotherapy.
Theoretically, a very fast decrease of estrogen levels as a result of GnRH agonists given before the start of chemotherapy would decrease the proliferation rate of ER-positive breast cancer cells and thus, decrease the efficacy of chemotherapy. In postmenopausal patients it has been evaluated if the anti-estrogen drug tamoxifen given concurrent or sequential with chemotherapy affected disease-free survival and overall survival (34) . Borderline significance for increased disease-free survival was found for the sequential group whereas no difference was found for overall survival (34) . Concurrent anti-estrogen therapy in ER-positive breast cancer is therefore not recommended today.
In the recently reported TEXT trial a subgroup of premenopausal women with ER-positive breast cancer received GnRH agonist concurrently with chemotherapy in addition to oral tamoxifen or an aromatase inhibitor starting after the completion of chemotherapy (35) .
Although an excellent survival was reported in all groups these women received an additional of five years of anti-estrogen therapy after the completion chemotherapy (35) . These results cannot be extrapolated to a short term ovarian suppression during chemotherapy followed by pregnancy and caution is therefore recommended for giving GnRH agonists concomitant to chemotherapy in women with ER-positive breast cancer.
Embryo and oocyte cryopreservation
Embryo and oocyte cryopreservation are established infertility treatments. Embryo cryopreservation has excellent results but has disadvantage of the requirement of a partner or sperm donor. Both embryo and oocyte cryopreservation requires ovarian stimulation and oocyte retrieval and may result in a relative delay of the start of chemotherapy and an increased level of estrogen during stimulation. A delay of the start of chemotherapy can be avoided by using random stimulation protocols as these have been found to be as effective as conventional protocols (36) . In addition, protocols using tamoxifen or the aromatase inhibitor letrozol have been shown to give an adequate yield of oocytes and decreased estrogen levels compared to standard stimulation protocols (37, 38) . As tamoxifen may cause congenital abnormalities stimulations with aromatase inhibitors should be preferred (39) . In one study with a 2-year follow-up, these protocols seem safe for women with ER-positive breast cancer (40) but longterm data on safety are still missing. In a very small study of women subjected to two cycles of stimulation (n=17) compared to one cycle (n=61) no difference in recurrence rate between the groups was found (41) .
Ovarian tissue cryopreservation
Restoration of ovarian tissue function after re-transplantation of cryopreserved ovarian tissue is a rapidly developing technique. During the last years reports of live births after such fertility preservation approach has increased and to date more than 20 women is reported to have given birth after ovarian tissue transplantation including a woman exposed to pelvic radiotherapy (42, 43) . Despite the fast development of these techniques they are still considered to be experimental (44) . Another issue regarding this approach to take into consideration is the potential risk of re-transplantation of cancer cells. Even though random sections of cryopreserved ovarian tissue can be checked for cancer cells the actual tissue that will be retransplanted into the woman cannot be evaluated for possible residual disease.
The ovary may be a metastatic site for many cancer types (45) . The prevalence of ovarian metastasis or micro-metastasis to the ovaries by breast cancer is unknown. In a series of women subjected to surgery for metastatic lesions to the ovaries, approximately 10-20% had primary tumors originating in from the breast (46) (47) (48) . Lobular carcinomas of the breast may spread to the pelvic cavity including the ovaries with a higher frequency compared to ductal carcinomas of the breast (49, 50) . Therefore, in women with lobular carcinomas caution may be warranted regarding ovarian tissue cryopreservation and in women with BRCA1 and BRCA 2 mutations with increase risk of ovarian cancer ovarian tissue cryopreservation are not suitable at any time.
Conclusions
Currently available data suggest that the risk of recurrence or death from breast cancer do not increase by a pregnancy after the completion of adjuvant breast cancer therapy. Although there is a lack of high-level evidence, as no randomized trials have been conducted because of feasibility reasons, there are no reasons for proscription against pregnancy for affected women.
Multidisciplinary counseling with specialist with expertise in different areas such as surgery, pathology, radiology, and oncology is now considered as standard in modern breast cancer management. In young women the possibility of infertility by the cancer treatment, the possibilities of fertility preservation, and the risk of a subsequent pregnancy needs to be addressed in collaboration with a specialist of reproductive gynecology before the start of chemotherapy in all eligible women (51) . The woman's individual risk needs to be assessed in every case. In addition to the lack of high-level evidence regarding pregnancy after breast cancer treatment per se data regarding the safety of one or several cycles of hormonal preparation of the endometrium before transfer of frozen embryos or fertilized frozen oocytes are lacking. This needs to be addressed in future studies. Another issue is women with ERpositive breast cancer that are prescribed anti-estrogen therapy for 5-10 years, which will significantly reduce their chance of conception. The safety of a shorter duration of this therapy for an up to 2 years interruption for pregnancy attempts and thereafter a resumption of the antiestrogen therapy for full duration is been shown to be feasible and is underway (NCT02308085, ClinicalTrials.gov) (52) . The result of that trial will be very important for the counseling of this large group of women.
